SUMMARY The effects of prolonged alcohol administration were studied on the brush border enzyme activities of the jejunum in rats receiving either a normal laboratory diet or a high carbohydrate-low protein diet for several weeks. Alcohol (15%) given in association with the normal diet provoked a stimulation of sucrase, maltase, and lactase activities after four weeks, but no significant modification in aminopeptidase activity. These results obtained for the disaccharidases were very similar to those observed with the high carbohydrate-low protein diet given without alcohol, although major differences were obvious in the timing of enzyme stimulation. In contrast, this dietary condition initiated a drop in aminopeptidase activity. When alcohol was given in association with the high carbohydrate-low protein diet, no modification in aminopeptidase activity was detected and the stimulation for the disaccharidase activities was similar to that observed with the high carbohydrate-low protein diet given alone. The present results suggest that the mechanisms involved in the stimulation of brush border disaccharidase activities were different for alcohol and for the high carbohydrate-low protein diet.
It has been reported that prolonged alcohol ingestion provokes decreased activities of intestinal disaccharidases, alkaline phosphatase, and aminopeptidase. 14 Furthermore, chronic alcoholism in humans is known to be associated with intestinal malabsorption of a number of substances including folic acid, thiamine, vitamins, amino-acids, and D-xylose.s These intestinal disturbances observed in alcoholics have been generally attributed to associated malnutrition. 6- In the present paper we have compared the effects of alcohol administration to rats fed either a normal equilibrated diet or a high carbohydrate-low protein diet for several weeks on the activities of brush border enzymes of the jejunum. This study was undertaken in order to ascertain whether chronic alcohol ingestion and associated protein malnutrition may exert a synergistic effect on brush border enzyme activities which are involved in the final phase of protein and carbohydrate digestion. Seventy-two male Wistar rats weighing between 250 and 300 g were randomly divided into two equal groups: group I receiving water ad libitum, group II receiving a 15% solution of ethanol. The alcohol consumption varied from 15 ml to 20 ml/rat/day during the whole experimental period after an adaptation period of three days. Each group was subdivided into two subgroups, A and B: subgroup A (IA and IIA) were fed a normal laboratory diet; subgroup B (IB and IIB) were fed a high carbohydrate-low protein diet. The diets were isocaloric and the rats ate their entire daily allowance of each diet (20 g/rat). The exact composition of the diets is shown in Table 1 . EXPERIMENTAL 
TECHNIQUES
In each subgroup, six animals were killed two, four and eight weeks after initiation of the feeding procedure between 9 and 11 am. The abdominal cavity was opened and a 10 cm segment of the 962 
Results

EVOLUTION OF BODY WEIGHT, BRUSH BORDER AND MUCOSAL PROTEIN CONTENT
The effects of the various experimental conditions on body weight and on protein content of brush border membranes are given respectively in Table 2 and 3. It can be noted that ethanol consumption (group IIA) inhibited the weight gain observed with the normal diet (group IA). However, under this dietary condition, rats receiving 15% ethanol did not present a decreased body weight when compared with the initial weight, but rather a maintenance of this latter during eight weeks.
In contrast, the high carbohydrate-low protein diet in group IB provoked an initial drop in the body weight of the rats. The weight first reached a plateau during four weeks and then increased to the level of the initial weight by eight weeks. When ethanol was associated with the high carbohydratelow protein diet (group IIB), a decrease of the body weight was also immediately noted and this low level was maintained during the whole experimental period.
In comparison with the rats fed the normal diet (IA), all the three groups exhibited a 20% shortening of the villus by eight weeks in the proximal jejunum. Furthermore, there was no alteration in the morphology of the intestinal epithelial cell in the different conditions tested (results not shown).
As far as the protein content of the brush border membranes is concerned (Table 3) , it is noted that neither the high carbohydrate-low protein diet (IB) nor ethanol administered with the normal diet (IIA) modified the amount of protein obtained after isolation of the brush border membranes as compared with group IA. The stability of the brush border membrane proteins which was obtained by eight weeks despite the shortening of the villus (H20) (n = 6) (n = 6) (n = 6) IIB 4-19±0-25b 4-37±0-27 5-24±0-37 (+15% ethanol) (n = 6) (n = 6) (n = 6)
Results shown are the mean ± SE. For each column, means not sharing a common superscript letter differ significantly (p<005).
height suggest at this period the maintenance of total microvillus surface in these experimental conditions. In contrast, a significant decrease in the protein content was observed when ethanol consumption was associated with the high carbohydrate-low protein diet (IIB). The brush border protein yield was very similar in all groups. Thus, the average brush border protein yield was at two, four and eight weeks respectively 3.20%, 400% and 3.80% in group IA; 3.70%, 3.80% and 4.00% in group IIA; 3.80%, 3.40% and 3.80% in group IB and 2.90%, 3-30% and 3.30% in group IIB.
EFFECTS OF DIETS AND ETHANOL ON ENZYME ACTIVITIES OF BRUSH BORDER MEMBRANES
The degree of purification for a given brush border enzyme did not vary significantly between the different groups or for each group at the various periods tested. Brush border sucrase, maltase, and lactase activities were significantly increased in rats fed the high carbohydrate-low protein diet (IB) in comparison with the rats receiving the normal diet (IA). For both sucrase and maltase activities, the stimulation was maximal after two weeks of feeding and ined unchanged during the following weeks ire, a and b). Lactase activity already enhanced wo weeks increased until the fourth week ire, c). In contrast, aminopeptidase activity ied no change during the first four weeks of ing the high carbohydrate-low protein diet. r this period, aminopeptidase activity dropped ficantly (Figure, d ).
hen ethanol was given to the rats fed the normal (IIA), very similar results to those observed the high carbohydrate-low protein diet (IB) obtained concerning the evolution of the ities of the disaccharidases in the brush border ibranes, although major differences were :us in the timing of disaccharidase stimulation. , it was only after four weeks of alcohol tion that a significant increase of sucrase, ase, and lactase activity could be detected. eafter, the level of activity reached by the charidases was not different from that found in ats receiving the high carbohydrate-low protein (IB) (Figure, a, b, c) . Concerning aminoidase activity (Figure, d) (Figure, a) , in animals receiving water (group IIA). By four weeks similar values were obtained for the disaccharidases in the brush border membranes of rats fed either the normal diet associated with alcohol (IIA) or the high carbohydrate-low protein diet (IB and IIB). The administration of alcohol with the high carbohydrate-low protein diet (IIB) depressed aminopeptidase activity after four weeks when compared with the activity measured in the brush border membrane of the rat fed the normal diet with alcohol (IIA) (Figure, d ). Alcohol associated with the high carbohydrate-low protein diet (IIB), however, provoked no modification in this activity when compared with the rats of group IA.
Discussion
As the amount of brush border proteins, the brush border protein yield, and the degree of purification were very similar, especially for the groups IA, IIA and IB throughout the experimental period, we can assume that modifications in the activities of the brush border enzymes did not derive from differences occurring at the level of membrane preparation.
When the data were examined to determine the response of brush border enzymes to prolonged alcohol ingestion in association with a normal diet or with a high carbohydrate-low protein diet, the following statements could be made.
During the first two weeks, alcohol ingestion did not modify the activities of the disaccharidases and aminopeptidase in the brush border membrane. Furthermore, during this period ethanol consumption lowered sucrase adaptation to the high carbohydrate diet. At four weeks, however, and thereafter during the whole experimental period, alcohol ingestion led to a stimulation of the brush border disaccharidase activities similar to the one provoked by feeding the high carbohydrate diet alone. There was no synergistic effect between alcohol consumption and the diet as alcohol alone was able to stimulate the disaccharidase activities to a level which could not be further increased by feeding the high carbohydrate diet. Alcohol seemed also to exert a protective effect on aminopeptidase activity, as this enzyme activity was less decreased when the feeding of the high carbohydrate-low protein diet was associated with alcohol consumption.
It has been previously shown that ethanol consumption depressed intestinal disaccharidase, alklaline phosphatase, and aminopeptidase activities.1 3 4 In contrast, normal intestinal lactase level in alcoholics'5 and normal sucrase and lactase levels in the jejunum of monkeys after several months of alcohol consumption were recently reported. '6 In the present report we give evidence of an increase of the brush border disaccharidase activities in the jejunum of rats receiving alcohol for several weeks. Where the comparative effects of the high carbohydrate diet and alcohol consumption on the enzyme activities of the brush border membrane are concerned a major difference was noted in the lag of time-response of the disaccharidases. The high carbohydrate-low protein diet provoked a rapid stimulation of sucrase and maltase activities; this stimulation reached already its maximum two weeks after the initiation of this diet. It is well-documented that adaptation of intestinal sucrase and maltase activities occurs a few hours after feeding a high carbohydrate diet '7-22 21 The discrepancy between these results may originate from the fact that the studies reporting no modification of lactase activity have been performed after a starvation period of 48 hours, and that enzyme activities have been determined only a few hours after the initiation of refeeding the high carbohydrate diet. In this regard, it has been demonstrated that starvation caused increased specific activity of lactase29 and that a high carbohydrate diet administered to rats for several days might enhance lactase activity in the jejunum of rats. 30 
